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Abstract 
When investing in new manufacturing systems, many aspects must be taken into consideration to ensure a sustainable business. In respect to 
the financial aspect, both the one-off investment cost and the continuous operational cost must be analysed to ensure that the life-cycle cost 
perspective is appreciated. However, one detail in the cost analyses that is often overlooked is the composition of fixed and variable cost 
elements. These details are important to be able to better manage the risk of market demand volatility, and accordingly make appropriate 
investment decisions. This case study demonstrates that when there is a low risk for reduced market demand, investing in a manufacturing 
system with low variable cost is favourable. However, if there is a high risk for reduced market demand, the importance will instead be to have 
a low fixed cost, as this will be the dominant cost factor. 
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1. Introduction 
The popular definition of sustainable development is from 
the UN report ‘Our Common Future’, also known as the 
Brundtland report. It states ‘Sustainable development is 
development that meets the needs of the present without 
compromising the ability of future generations to meet their 
own needs...’ [1]. Sustainable development is often 
considered within the three areas economy, society and 
environment, also known as the triple-bottom-line, said to be 
coined by John Elkington in 1994 [2]. In recent years, variants 
of a fourth pillar have been appearing, sometimes representing 
culture [3], or future generation to emphasise the long-term 
consideration [4]. 
If a manufacturing operation will be sustainable or not, will 
largely be predetermined already at the development stage of 
the manufacturing system. When a company decides what 
machines to invest in, many aspects will be determined. 
Evaluation models have been developed over the years to 
assist in the investment process to ensure that the right 
decisions are being made. Less financially orientated aspects 
like environmental impact, health and safety, quality etc., are 
commonly translated into monetary value so that it can be 
included in the traditional financial evaluation models. This 
has sometimes shown to be rather difficult as the full extent is 
complicated to understand and calculate. Other evaluation 
models have been developed to handle this challenge, and one 
comprehensive model is the System Value Model [5]. It 
comprises of four attributes that are individually evaluated; 
Suitability, Capability, Performance and Productivity. Others 
have focused more on specific elements like material, energy 
and waste metrics [6]. 
Even though focusing on improving environmental metrics 
also show to have a positive impact on the financial results of 
a company [7], this paper intends to focus on the economical 
pillar of sustainability and how the methods and models can 
be improved. As most companies have a profit orientated 
business model, the bottom line decision still resides within 
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the tangible financial aspect. Classical financial models like 
Return on Investment (ROI) [8], Net Present Value (NPV), 
Life Cycle Cost (LCC) and Total Cost of Ownership (TCO) 
are used to calculate the expected financial performance to be 
able to compare one investment option against another. 
However, one aspect that is still difficult to evaluate using 
these models is the consequences of market fluctuations and 
consequently changes in production volume. With these 
changes, there will also be effects on the financial 
performance, both because of the direct effect on sales 
volume, but also the indirect effect due to the cost models. As 
the market demand is continuously more and more difficult to 
predict [9], it is important to be at least able to manage the 
risks associated with this uncertainty. 
This paper aims to investigate the effect on an investment 
decision, if detailed consideration would be given to the 
composition and proportion between fixed and variable cost, 
as well as the business cycle behaviour. The intention is also 
to develop a new approach to investment decisions that takes 
these aspects into consideration, which results in financially 
more sustainable systems. Two manufacturing systems, 
producing the same product and having the same total 
capacity, is used as case study objects. Comprehensive and 
real production cost data is collected from the ongoing 
operation, to ensure that the argumentation is founded on a 
real scenario. 
2.Research theoretical frame of reference 
This study is based around two theoretical frames of 
reference. The first is the definition of cost found in 
accounting and financial literature. The second is what market 
demand and business cycles look like and how they behave 
over time. 
2.1.Cost frame of reference 
Cost is composed, in essence, of fixed and variable cost 
elements. In an industry context, this means that theoretically 
with increased production volume, the total financial value of 
the ‘fixed’ cost would not change. The total ‘variable’ cost 
would on the other hand be increased with increasing volume. 
However, looking at the cost per product it has the opposite 
behaviour. The fixed cost would be diluted on more produced 
products and therefore the cost per product would be reduced 
with increasing volume, but the variable cost would be 
unchanged. The graph presented in figure 1 shows how cost 
per product behaves for four cost stereotypical scenarios 
where the distribution of fixed and variable cost differs; 1) 
High fixed cost and high variable cost, 2) Low fixed cost and 
high variable cost, 3) High fixed cost and low variable cost, 
and finally 4) Low fixed cost and low variable cost. Generally 
speaking, from a cost perspective, it will always be the worst 
case to have both high fixed and high variable costs. In the 
same way, it will be ideal to have both low fixed and low 
variable costs. However, in the two middle scenarios, 2) and 
3), it all depends on the production volume as these two 
curves cross each other. In this example, below a volume of 
ten pieces, scenario 2) is financially favourable due to the low 
fixed costs. Similarly, with a production volume over ten 
pieces, scenario 3) would be the preferred system. In reality, 
the production volume is rarely a fixed value unaffected by 
the continuous changes of market demand and cycles of 
business. 
2.2.Market and business cycles frame of reference 
As observed and studied by business owners and 
researchers over decades now, it is clear that there is a cyclic 
behaviour of any economic system. The current standard and 
definition of business cycles were developed in the first half 
of the 20th century by Burns and Mitchell [10]. There are 
some different terminologies available in the literature today, 
but the principle is the same. The cycle consists of an 
expansion phase that reaches a peak, which is then followed 
by a recession and contraction that finish into revival that 
merges with the next cycle’s expansion phase again, see 
figure 2. The amplitude between a peak and a revival point 
depends on the specific business market. Even though it is 
described as cyclic, it is still proven difficult to predict the 
exact point and reasons for when the next phase is entered and 
for how long a phase will last. In retrospect when data is 
available, this can be calculated, but even here there are some 
different methodologies available. According to the National 
Figure 1. Cost per product for four stereotypical scenarios. 
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Bureau of Economic Research (NBER) the US business cycle 
is in average 69,5 months between the years of 1945 and 2009 
[11]. Studies of the European business cycles indicate that it is 
in synchronous with the US cycle, for most times, but with a 
slight delay [12]. 
3.Methodology 
A qualitative case study has been selected to explore and 
demonstrate the potential effect on an investment decision, if 
consideration is given to the business cycles and consequently 
changes in production volume and the cost of production. The 
data for this study was collected mainly from the economy 
system for two manufacturing systems at a large Swedish 
manufacturing company. The reason for selecting these 
particular systems was that they are producing the same 
product with the same total capacity, but differ in many other 
respects. This makes them ideal to study in different aspects 
like operator health, logistical flow, maintenance, flexibility 
etc. This study is however limited to only look at the total 
operating cost and cost per product. Semi-structured 
interviews have been conducted to better understand the 
details behind the numbers and the origin of the data. This 
makes it easier to validate if there exist any uncertainty in the 
validity of the data. 
3.1.The two studied manufacturing systems 
One of the two studied systems was designed and acquired 
during the mid 90’s with robustness and volume in mind. It is 
of transfer line type in which little flexibility exists. One 
reason for the lack of flexibility is that the cutting tools for 
many machines are mounted on a rig with several spindles 
fixed in its locations. The second system is more recently 
acquired with a completely different focus when it was 
designed. Flexibility was one of the key areas addressed, so 
instead of using special purpose built machines like in the 
transfer line, conventional CNC machining centres with a 
single spindle were acquired to allow for a much higher 
degree of product flexibility. To compensate for the lack of 
operation speed as a result of using a single spindle, multiple 
machines are working in parallel for the same operation. This 
also gives a higher degree of system reliability, as production 
can continue with reduced capacity if a single machine stops. 
The transfer line on the other hand would completely stop if 
any machine would stop. Both systems have comparable 
initial investment cost, after converting all investment costs 
into the monetary value of 2014 by using Edvinsson and 
Söderberg (2011) consumer price index (CPI) for Sweden 
[13]. 
The product being manufactured in these systems is engine 
cylinder block used for heavy trucks, busses, industrial 
applications and marine applications, see figure 3. The raw 
material going into these systems is a cast iron cylinder block 
of different alloys. The studied systems then predominantly 
process the product through traditional metal removal. 
However, some operations are of other character such as 
permanent identity part marking, cleaning operations and 
smaller assembly cells for plugs, bearing and bearing caps. 
4.Results 
Traditionally when investment options are compared, 
typical financial models are used which includes the initial 
investment cost, the continuous running cost and sales, to then 
establish the return on investment. Most data fed into the 
model will be estimates and predictions, as they will not be 
known for sure at the investment point. This includes the 
uncertainty of the market demand and thus also the production 
volume. In the example shown in table 1, two investment 
options are compared against one another. The individual 
elements differ between the options, but overall the return on 
investment (ROI) seems to be comparable at around six and a 
half years. However, this traditional method of comparing 
investment options give no insight in what happens if sale 
volume goes up or down, or if one cannot sell the product for 
the expected sell price. The reason for this is that they have a 
rather static approach, where the input data is fixed to 
represent the expected levels. Only predictions of volume, 
cost and sale price are fed into the model. However, due to the 
complex relationship between these elements and the actual 
realised technical system, it does not reveal of what will 
happen when one or more elements change. 
 
Table 1. Example of a simple Return on Investment comparison. 
 System A System B 
Initial Investment Cost 50 000 000 45 000 000 
   
Yearly running cost 12 500 000 13 000 000 
Overhead 2 625 000 3 510 000 
Capital 3 500 000 3 900 000 
Maintenance 2 125 000 1 690 000 
Consumables 875 000 1 040 000 
Transport 1 125 000 1 300 000 
Operators 1 500 000 1 170 000 
Other 750 000 390 000 
   
Sales 20 000 000 20 000 000 
Volume 10 000 10 000 
Sale price 2 000 2 000 
   
Return on Investment 6 years 7 months 
6 years 
5 months 
Figure 3. Engine cylinder block produced in studied systems. 
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To be able to manage the risk with changing demands, a 
deeper analysis is required in the composition of fixed and 
variable costs. Data for most of 2013 and 2014 has been 
collected for both studied systems. The graph presented in 
figure 4 shows ‘Cost per product’ against ‘Volume per 
month’. Even if the total capacity for both systems is the 
same, generally, the system with conventional machining 
centres had a lower production volume. 80 percent of the 
months, it produced between 900 and 2500 parts per month, 
while the transfer line system had a much higher volume at 
between 2400 and 3800 parts per month. Nevertheless, best-
fit lines are still possible to be constructed that start revealing 
the composition of fixed and variables cost proportions. Due 
to the company sensitivity of publishing cost related figures, 
all detailed cost values have been anonymised. 
It is clear from the graph that there is a difference in 
financial preference depending on the production volume. For 
lower volume, below 2800 products per month, the machining 
centre system seems financially favourable with a lower cost 
per product. Likewise, with a production volume above 2800 
products per month, the transfer line system would be 
financially better. This is due to differences between the 
proportion of fixed costs and variable costs. The transfer line 
system has a lower and more favourable variable cost, while 
the machining centre system has a lower and more favourable 
fixed cost. The fixed cost for the transfer line system is 
estimated to be 28 percent higher, based on comparing the 
data obtained from the best-fit line. At the same time, the 
variable cost is lower by 45 percent. This is what results in the 
breakeven point at around 2800 parts per month. 
5.Discussion 
Typically, decisions today are financially orientated with 
certain estimates defining a decision-point, which is defined 
by the estimates of sales volume, cost etc. Classical models 
like ROI, LCC etc. are used, which contain the data around 
this decision-point. If this decision-point resides to the right of 
the cost break point seen in figure 4, the system with lower 
variable cost will consequently be the most favourable and 
selected. And vice versa, if the decision-point resides to the 
left of the cost break point, the system with lower fixed cost 
will be preferred. As these manufacturing investments in this 
study have an expected lifetime of at least 15 years, but up to 
as much as 30 years, they will exist over several business 
cycles with production volume going up and down. If the 
decision-point lies close enough to where the curves cross 
each other, the selected system might very well not be the 
financially preferred system long-term. 
Instead of focusing on a single decision-point, perhaps 
defined by the systems’ expected total capacity, a line across a 
volume interval should be used, see figure 5. The location and 
length of the line, i.e. volume interval, should be related to the 
expected sale and volume sensitivity of the business cycles. If 
the manufacturing system is located and provide products to 
an area where more uncertainty exists, the length of the 
decision-line would be longer than if the market is more 
resilient to the recession and decline of the business cycle. 
This needs to be established on a case-by-case basis. 
Furthermore, if the line crosses the cost curves’ break point, 
further analyses are required to determine which system 
would long-term be financially better. As seen in both figure 4 
and 5, with lower volume the cost curves become steeper. 
This consequently means that a small reduction in volume can 
have a serious impact on the cost per product, as the fixed cost 
becomes the dominating element. Therefore, for high volume 
production, which is far to the right on these cost curves, the 
cost per product will approach the variable cost element. This 
makes the fixed cost elements less relevant and consideration 
of the distribution of fixed and variable costs is perhaps not 
required in the same extent. Then focus should mainly be to 
invest in a system with low variable cost. 
6.Conclusion 
This paper investigates the potential effect on an 
investment decision if detailed consideration would be given 
to the composition of fixed and variable costs as well as 
business cycles. 
The classical financial models, like ROI, do not give 
insight into what happens if the investment assumptions 
changes over time with shifting business cycles, for example 
Figure 4. Collected cost data for studied manufacturing systems. 
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reduced volume with increased product costs. 
Not knowing this introduce an uncertainty and with this an 
associated risk. This should be managed by understanding 
more about the cost distribution, business cycles and the 
proportion between volume and cost. 
Instead of focus statically on a decision-point with fixed 
volume and cost assumption, a decision-line approach should 
be applied. The length of the decision-line should be in 
relation to the business cycle amplitude for the specific 
market related to the manufacturing system. 
For an industry where the expected production volume lies 
close enough to the cost break point, the investment decision 
would likely become different if consideration is given to the 
composition of fixed and variable cost. 
If there is a high risk for reduced production volume and a 
chance to cross the cost break point, a system with low fixed 
cost is desired, as this would be the dominating cost element. 
If the market is instead relatively stable and volume would 
maintain to the right of the cost break point, a system with 
low variable cost would be preferred. 
As for the studied transfer line, looking at data stretching 
back over the last six years, the average produced parts per 
month is at around 2500. This is below the break point of 
2800. Considering as well that this period has been in the 
expansion phase of the business cycle, it would have been 
financially better to have a system with lower fixed costs, 
similar to the machining centre system studied. 
However, a long-term strategic investment decision should 
not solely be based on financial terms. There are many other 
aspects important to ensure that an acquired manufacturing 
system fulfils the corporate targets. 
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